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5| (54) Title: PHARMACEUTICAL AEROSOL FORMULATION 
<N 

(57) Abstract: The invention relates to a pharmaceutical aerosol formulation comprising a surfactant that is an alkyl-polyglycoside 
^ of formula I, wherein DP is the average degree of polymerisation and has a value of from 1 to 4, and R is an alkyl chain or a mixture 
^ of alkyl chains having a chain length of from 6 to 22 carbon atoms; or a derivative thereof for the administration of a medicament 
^ for inhalation. 



BEST AVAILABLE COPY 



WO 02/49616 PCT/SE01/02853 



Example 3: 

Beclomethasone dipropionate B.P (SICOR) was weighed (0.2 g) into a 30 ml glass vial and 
20 ml of surfactant solution in water (Ci 0 -i 2 d.p. 1.4, 0.8 g/1) added. The resultant 
suspension was incubated in a shaking bath at 25°C for Ihree hours, to allow adsorption of 
5 the surfactant to the surface of the drug, and to give a drug-surfactant ratio of 10 mg 

surfactant/g drug. The suspension was then centrifuged (15,000 rpm, 20 minutes) and the 
particles of drug-surfactant were separated from the supernatant and dried in an oven at 
50°C for at least 24 hours. The formulation was prepared as described in the preparation 
paragraph, with the following concentrations: 
io Beclomethasone dipropionate + Qo-12 d.p. 1 .4: 0.2% 

HFA-134a:to 100% 

Example 4: 

Beclomethasone dipropionate B.P (SICOR) was weighed (0.2 g) into a 30 ml glass vial and 
15 20 ml of surfactant solution in water (C ]<M2 d.p. 1 .4, 0.8 g/1) added. The resultant 

suspension was incubated in a shaking bath at 25°C for three hours, to allow adsorption of 
the surfactant to the surface of the drug, and to give a drug-surfactant ratio of 1 0 mg 
surfactant/g drug. The suspension was then centrifuged (15,000 rpm, 20 minutes) and the 
particles of drug-surfactant were separated from the supernatant and dried in oven at 50°C 
20 for at least 24 hours. The formulation was prepared as described in the preparation 
paragraph, with the following concentrations: 

BDPC10-12 d.p. 1.4:0.2% 

HFA-227ea: to 100% 

25 Example 5: 

Microparticles of salbutamol sulphate-Ci 2 _i 4 d.p. 1.4 were prepared by spray drying from 
solution in water using a Biichi 1 90 mini spray drier fitted with a 7 mm pneumatic nozzle. 
A 1 0% w/v salbutamol sulphate in a solution of 0.06 g/1 of Cn-u d.p. 1 .4 was spray dried. 
The conditions and spray drying parameters were: pump speed, 5 ml min' 1 ; air flow rate, 
30 800 1 If 1 ; aspirator level, 5; inlet temperature, 1 50°C (± 5°C) and outlet temperature 80°C 
(± 5°C). The material was desiccated immediately after drying. The formulation was 
prepared as described in the preparation paragraph, with the following concentrations: 

Spray dried (SD) salbutamol sulphate + C 12 -u d.p. 1 .4: 0.08% 

HFA-134a: to 100% 
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Example 6: . 

Microparticles of salbutamol sulphate-Ci2G2 were prepared by spray drying from solution 
in water using a Buchi 1 90 mini spray drier fitted with a 7 mm pneumatic nozzle. A 1 0% 
w/v salbutamol sulphate in a solution of 0.08 g/1 of C12G2 was spray dried. The conditions 
and spray drying parameters were: pump speed, 5 ml min" 1 ; air flow rate, 800 1 h M ; aspirator 
level, 5; inlet temperature, 150°C (± 5°C) and outlet temperature 80°C (± 5°C). The 
material was desiccated immediately after drying. The formulation was prepared as 
described in the preparation paragraph, with the following concentrations: 

SD salbutamol sulphate + Ci 2 G 2 : 0.08% 

HFA-134a: to 100% 

Example 7: 

Salbutamol sulphate was weighed (0.2 g) into a 30 ml glass vial and 20 ml of surfactant 
solution in CH2CI2 (Cm d.p. 1.4, 0.6 g/1) added. The resultant suspension was incubated in a 
shaking bath at 25 °C for three hours, to allow adsorption of the surfactant to the surface. 
This was then filtered under vacuum and the particles of drug-surfactant collected and dried 
overnight at room temperature. The formulation was prepared as described in the 
preparation paragraph, with the following concentrations: 

Salbutamol sulphate + Cm d.p. 1 .4: 0.08% 

HFA-134a: to 100% 

7 

Control 1: 

The formulation was prepared as . described in the preparation paragraph, with the following 
concentrations: 

Beclomethasone dipropionate: 0.2% 

HFA-134a:to 100% 

Control 2: 

The formulation was prepared as described in the preparation paragraph, with the following 
concentrations: 

Beclomethasone dipropionate: 0.2% 

HFA-227ea: to 100% 

Control 3: 

Microparticles of salbutamol sulphate were prepared by spray drying from an aqueous 
solution, using a Buchi 190 mini spray drier fitted with a 7 mm pneumatic nozzle. A 10% 
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APGs in HFA-134a) are not as good as the control (Control 3) . However after one month's 
storage, the Control has deteriorated but the suspensions formulated with APGs have 
improved significantly. 

Sample 7 (salbutamol sulphate with APG in HFA-134a) is to be compared with control 7. 
5 Again, the presence of the APG improves suspension stability by increasing the creaming 
times, with a particularly beneficial influence after storage. 
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Figure 1 Example 1, BDP+Ci 2 G 2 in HFA-134a 
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Figure 2 Example 2, BDP + C 12 G 2 in HFA-227ea 
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Figure 3 Example 3, BDP +C 10 -i 2 d.p. 1.4 in HFA-134a 
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Figure 4 Example 4, BDP+C 10 -i 2 d.p* 1.4 in HFA— 227ea 




Figure 5.1 Example 5, SD salbutamol sulphate + C12- 
d.p. 1.4 in HFA- 134a 
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Figure 5.2 Example 5, SD salbutamol sulphate + C 12 -i 4 d.p. 1.4 in HFA-134a, 1 
month stability study 
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Figure 6.1 Example 6, SD salbutamol sulphate + C 12 G 2 

inHFA-134a 
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Figure 6.2 Example 6, SD salbutamol sulphate + C12G2 
in HFA-134a, 1 month stability study 
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Figure 7.1 Example 7, Salbutamol sulphate + C 14 d.p. 1.4 

in HFA-134a 
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Figure 7.2 Example 7, Salbutamol sulphate + C u d.p. 1.4 in HFA-134a, 1 month 
stability 
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Figure 8 Control 1, BDP in HFA-134a 
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Figure 9 Control 2, BDP in HFA-227ea 
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Figure 10 Control 3, Spray dried salbutamol sulphate in 

HFA-134a 
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Figure 11 Control 3, Spray dried salbutamol sulphate in HFA-134a, 1 month 
stability study 
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igure 12.1 Control 4, Salbutamol sulphate in HFA- 

134a 
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Figure 12.2 Control 4, Salbutamo! sulphate in HFA-134a, 

1 month stability 
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Visual Assessment 



Visual assessment was carried out on the OSCAR samples. After removing the samples 
from the ultrasonic bath, observations were made to assess the degree of flocculation of the 
drug suspensions and also the kinetics of sedimentation or creaming. 



o ample 


Material 


HFA 


Floccula 
tion ? >. 


Sedimentation 
/creaming 


i 


BDP + Ci 2 G 2 


134a 


No 


Slow 


2 


BDP + C12G2 


227ea 


No 


Slow 


3 


BDP + C10.12 d.p.1.4 


134a 


No 


Very slow 


.4 


BDP + C10.12 d.p.1.4 


227ea 


No 


Very slow 


5 


SD salbutamol sulphate + C12-H d.p. 
1.4 


134a 


Yes 


Fast 


6 


SD salbutamol sulphate + Q2G2 


134a 


Yes 


Fast 


7 


Salbutamol sulphate + C14 d.p. 1 .4 


134a 


No 


Very slow 


Control 1 


BDP 


134a 


Yes 


Very fast 


Control 2 


BDP 


227ea 


Yes 


Very fast 


Control 3 


SD salbutamol sulphate 


134a 


Yes 


Slow 


Control 4 


Salbutamol sulphate 


134a 


Yes 


Fast 



For all systems, the presence of APG improved the suspension characteristics. Initial 
observations are summarised in the previous table. After one month storage, the spray dried 
salbutamol samples showed a definite improvement compared to the control samples 
(Control 3). 
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One month stability: 



Sample 


Material 


HFA 


Floccula 
tion ? 


Sedimentation 
/creaming 


5 


SD salbutamol sulphate + Q2-14 d.p. 
1.4 


134a 


Yes 


slow 


6 


SD salbutamol sulphate + C12G2 


134a 


Yes 


Slow 


Control 3 


SD salbutamol sulphate 


134a 


Yes 


Fast 



IGC 

Surface energy of the drug and the drug surfactant particles was measured by inverse gas 
chromatography. A silanised U-shaped column (3 mm internal diameter, 30 cm length) was 
packed with approximately 400 mg of the test powder and dried under nitrogen for 24 
hours at 50°C. The powder bed was then allowed to settle for 24 hours at 35°C (temperature 
used during the experiments) under nitrogen. The test probes used were: hexane, heptane, 
octane, chloroform, CCL4, benzene, acetone, tetrahydrofuran, ethyl acetate and diethyl 
ether. One ml of air containing a minute concentration of each gaseous probe was injected 
into the column and the retention time measured. 

The APG reduced the surface energy of the particles notably (not for the SD material?). I 
think we should remove the SD material & resultsThe improved suspension characteristics 
can therefore be attributed to surface modifications. 



MATERIAL 


Ys* MJ/M 2 
(n=3) 


Kd/Ka 


BDP 


52.34 ( 1.09) 


8.82 


BDP + C ]2 G 2 


50.25(1.33) 


6.09 


BDP + Cio-12 d.p. 1.4 


36.30(1.62) 


2.15 


Salbutamol sulphate 


43.27 (0.67) 


1.76 


Salbutamol sulphate + Cu d.p. 1.4 


38.23 (0.36) 


2.61 
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Think we should remove this as the density did change for APG material & the conclusion 
doesn't match the data. 

5 
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CLAIMS 

1 . A pharmaceutical aerosol formulation comprising a hydrofluoroalkane propellant, a 
medicament for inhalation and a surfactant, characterised in that the surfactant is an alkyl- 
polyglycoside of formula I: 




wherein DP is the average degree of polymerisation and has a value of from 1 to 4, and R is 
an alkyl chain or a mixture of alkyl chains having a chain length of from 6 to 22 carbon 
atoms; or a derivative thereof. 

2. A formulation according to claim 1 in which 
R is 2-ethyl-l-hexylglycoside and DP is 1 .6; 

R is a mixture of C 8 and Ci 0 alkyl chains in a ratio of 60 C 8 : 40 C 10 and DP is 1.5; 
R is a mixture of C\e and C 8 alkyl chains and DP is 1 .2 - 1 .3; or 

R is a mixture of C 20 and C 22 alkyl chains and DP is 1 .2 - 1 .3, or the alkylpolyglycoside is 
n-dodecyl p-D-maltoside (Ci 2 G 2 ), C10 d.p 2.7 , or C10-12 d.p. 1.4 and C 32 -i4 d.p. 

3. A formulation according to claim 1 or 2 in which the propellant is HFA-134a or HFA- 
227ea or mixtures thereof. 
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4. A formulation according to any one of claims 1 to 3 in which the medicament is a £2- 
adrenoreceptor agonist; an anticholinergic bronchodilators or a 16, 17-acetal of a 
pregnane derivative. 

5. A formulation according to any one of claims 1 to 3 in which the medicament is 
formoterol, terbutaline, budesonide or a formoterol/budesonide combination. 

6. A formulation according to any one of claims 1 to 3 in which the medicament is a 
compound of formula (I): 

Ar-C^^^-NH-CR^-A-Z (I) 

in which 

Ar represents a group 




A represents a Q.12 alkylene chain which may be straight or branched and which is 
interrupted or terminated by one or more groups selected from -S-, -SO-, SO2-, -O-, 
S0 2 NH, NHSO2, CRV, phenylmethyne, -NH-, -CONH-, -NHCO- and -NHCONH-; 
Z represents an aiyl group of five or six atoms in a single ring system, which may contain 
from 1 to 3 heteroatoms selected from N, O and S, which single ring system may be 
optionally substituted to form a multiple fused ring system of up to 10 atoms, the aryl group 
being optionally substituted by one or more groups" selected from -OH, halogen, 
C1-6 alkyl, C1.6 alkoxy, =0, -NR 8 R 9 , or N0 2 ; or a C3-12 cycloalkyl group which may contain 
from 1 to 3 heteroatoms selected from N, O and S, optionally substituted by one or more 
groups selected from -OH, halogen, C]. 6 alkyl, C1-6 alkoxy, =0, -NH 2 , or N0 2 ; 
R 1 , R 2 , R 5 , R 6 , R 7 5 R 8 and R 9 each independently represent hydrogen or Ci^ alkyl; 
and 

R 3 and R 4 represent hydrogen, or R 3 and R 4 together form a group -S-, -NR S - or -CH 2 ~, 
and pharmaceutically acceptable derivatives thereof 

7. A formulation according to any one of claims 1 to 3 in which the medicament is 
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4-Hydroxy-7-[2-[2-[3-(2-phenyletto 
benzothiazol-2(3H)-one; 
4-Hydroxy-7-[2-[2-[3-(2-phenylethoxy^ 
2(3H)-one; 

N^2-[2-(4-Hydroxy-2-oxo-3H- 1 5 3-benzothiazol-7-yl)ethylamino]ethyl]-2- 
(phenylethoxy)ethanesulphonamide; 
4-Hydroxy-7-[2-[3-[2-[2<l-naphthalenyl)e^ 
l 3 3-benzothiazol-2(3H)-one; and 

3-[2-(4-Hydroxy-2-oxo-3H- 1 ,3-benzothiazol-7-yl)ethylamino]-N-[2-[2-(4- 

methylphenyl)ethoxy]ethyl]propanesulphonamide 5 

and pharmaceutically acceptable salts thereof. 

8. A formulation according to any one of claims 1 to 3 in which the medicament is a 
combination of formoterol/budesoiiide; formoterol/fluticasone; formoterol/mometasone; 
salmeterol/fluticasone; formoterol/tiotropium salts; zafolukast/formoterol, 
zafirlukast/budesonide; montelukast/formoterol; montelukast/budesonide; 
loratadine/montelukast and loratadine/zafirlukast, tiotropium and fluticasone, tiotropium 
and budesonide, tiotropium and mometasone, mometasone and salmeterol, formoterol 
and rofleponide, salmeterol and budesonide, salmeterol and rofleponide, or tiotropium 
and rofleponide. 

9. A formulation according to any one of claims 1 to 8 in which the amount of surfactant 
present is at least 0.00 1 % by weight. 

10. A formulation according to any one of claims 1 to 9 in which the amount of 
medicament present is from 0.01 to 1.0% by weight. 

1 1. A medicinal aerosol containing a formulation according to any one of claims 1 to 10. 
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